JNK phosphorylates Ser332 of doublecortin and regulates its function in neurite extension and neuronal migration.
Doublecortin (DCX) is expressed in young neurons and functions as a microtubule-associated protein. DCX is essential for neuronal migration because humans with mutations in the DCX gene exhibit cortical lamination defects known as lissencephaly in males and subcortical laminar heterotopia (or double cortex syndrome) in females. Phosphorylation of DCX alters its affinity for tubulin and may modulate neurite extension and neuronal migration. Previous in vitro phosphorylation experiments revealed that cyclin-dependent kinase 5 (Cdk5) phosphorylates multiple sites of DCX, including Ser332, (S332). However, phosphorylation at only Ser297 has been shown in vivo. In the present study, we examined phosphorylation of S332 of DCX in the Cdk5-/- mouse brain and results found, unexpectedly, indicate an increased DCX phosphorylation at S332. We found that JNK, not Cdk5, phosphorylates DCX at S332 in vivo. To examine the physiological significance of S332 phosphorylation of DCX in neuronal cells, we transfected cells with either GFP, GFP-DCX-WT, or GFP-DCX-S332A and analyzed neurite extension and migration. Introduction of GFP-DCX-WT enhanced neurite extension and migration. These effects of DCX introduction were suppressed when we used GFP-DCX-S332A. Treatment of neurons with JNK inhibitor increased the amount of DCX that bound to tubulin. Interestingly, amount of DCX that bound to tubulin decreased in Cdk5-/- brain homogenates, which indicates that phosphorylation of DCX by JNK is critical for the regulation of DCX binding to tubulin. These results suggest the physiological importance of phosphorylation of DCX for its function.